. In vitro studies have shown that Veillonella spp. cannot adhere independently to smooth surfaces, but when the surfaces are first colonized by gram-positive plaque formers, Veillonella spp. readily adhere and increase the size of the plaque (2). Veillonella spp. also adhere to smooth surfaces when incubated in the presence of sucrose and streptococcal cell-free culture fluids or purified glucosyltransferase (9).
plaque microbial community" (3) and becomes more prominent as plaque develops (11) . It produces a highly endotoxic lipopolysaccharide (LPS) (12) (13) (14) (15) capable of eliciting production of specific immunoglobulins in human gingival tissue (1) . Attempts to establish V. parvula in gingival crevices of gnotobiotic animals monoinfected with Veillonella spp. have been unsuccessful (5) ; however, di-associations have been achieved in these test systems between species of Veillonella and species of Streptococcus (8, 10) . In vitro studies have shown that Veillonella spp. cannot adhere independently to smooth surfaces, but when the surfaces are first colonized by gram-positive plaque formers, Veillonella spp. readily adhere and increase the size of the plaque (2). Veillonella spp. also adhere to smooth surfaces when incubated in the presence of sucrose and streptococcal cell-free culture fluids or purified glucosyltransferase (9) .
These associations have been of interest since they may constitute a food chain in the oral environment in which Veillonella spp. utilize as a carbon and energy source the lactate produced as an end product of the streptococcal metabolism (4). Indeed, decreased caries production (10) and decreased amounts of lactic acid (16) have been found in gnotobiotic rats di-associated with Veillonella spp. and streptococci.
We have been interested in the carbohydrate metabolism of V. parvula in general and in the synthesis of its endotoxic LPS in particular. V. parvula is unable to ferment carbohydrates due to certain enzyme deficiencies in the EmbdenMeyerhof pathway. It has been shown that glucose, glucosamine, galactose, galactosamine, mannose, mannitol, sorbitol, arabinose, and fructose-6-phosphate are not even taken up; however, the incorporation of radiolabeled ribose and fructose, largely into nucleic acid fractions and to a lesser extent into alcohol-soluble (lipid) fractions, is possible (17 Cells grown overnight at 37°C were harvested and washed twice. LPS was purified by aqueous phenol extraction of the cells, treatment with RNase and DNase, and ultracentrifugation (6). LPS was quantified by measurement of the 2-keto-3-deoxyoctonate component by the thiobarbituric acid colorimetric assay (7). Radioactivity of samples was assessed by liquid scintillation spectrometry.
It was shown that purified LPS accounted for 6.6, 5. However, a dramatic difference in the incorporation of lactate or fructose label was displayed in the labeling pattern of the fatty acid components (Table 2) . When fatty acid methyl esters were prepared and chromatographed on thin-layer silica gel sheets, they moved together as a single spot. LPS similarly treated was resolved into four spots: origin (Rf, 0), two unidentified lipid-soluble spots (Rf, 0.21 and 0.45), and the fatty acid methyl esters (Rf, 0.51). When fructose was available, it was used almost exclusively for the synthesis of the hydrophilic components, represented by that material which did not move from the origin ( Table 2) . This result was supported by the [14C]lactate incorporation data, as there was a shift in the appearance of lactate label from the hydrophilic to the lipid-soluble components when fructose was supplemented in the medium.
These results show that fructose is preferentially incorporated into the hydrophilic components of the LPS complex. Since fructose carbon was previously demonstrated in the glucose, hexosamine, and 2-keto-3-deoxyoctonate components, the fructose carbon skeleton would seem to be incorporated largely intact. It must not be metabolized past the level of acetate, judging by its absence in the fatty acid moieties; indeed, this blockage may represent the crux of the inability of V. parvula to utilize these transported sugars as carbon and energy sources.
The utilization of fructose in the biosynthesis of V. parvula LPS is of interest in consideration of the hypothetical symbiotic associations of the organism in the oral environment. Given a supply of sucrose, oral streptococci can dissimilate it into glucose and fructose, converting some of the sugar to lactate (which V. parvula can utilize for growth) and some to dextrans (to which V. parvula can adhere). Our results suggest that the fructose resulting from sucrose dissimilation can be incorporated into the highly endotoxic LPS of V. parvula. It is unlikely that the ability to incorporate ribose would be of great value to V. parvula in the oral environment, where not much free ribose would likely be available. However, consideration of other environs from which V. parvula has been isolated, notably the intestines and the rumen of various mammals, invites some speculation on the significance of ribose incorporation. Here, at the sites of more extensive degradation of biomaterials than that occurring in the mouth, ribose might indeed be available for incorporation into cellular components.
The incorporation of an intact pentose and hexose undoubtedly provides a savings to V. parvula in its economy of energy expended for biosynthesis. Why the organism can assimilate ribose and fructose in particular, but not other common sugars, while fermenting lactate suggests a unique niche occupied by it in its environment.
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